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Circulating hyaluronate in rheumatoid arthritis:
relationship to inflammatory activity and the effect of
corticosteroid therapy
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SUMMARY The mean serum hyaluronate concentration in a group of patients with rheumatoid
arthritis (n=37) was 232±182 (SD) Fg/l and significantly greater (p<O-OO1) than that of age and
sex matched healthy controls (mean level 42±25 jig/l) as well as that of patients with ankylosing
spondylitis (mean level 58±33 Rg/i). In rheumatoid arthritis positive correlations were found
between serum hyaluronate and acute-phase plasma proteins, while neither rheumatoid factor
titre nor the presence of circulating immune complexes were related to the hyaluronate levels.
Increased serum hyaluronate could not be explained by impaired renal or liver function or by
drug therapy. During treatment with corticosteroids but not with non-steroidal anti-inflammatory
drugs the serum hyaluronate concentrations were significantly reduced. The data obtained
suggested an increased production of hyaluronate in rheumatoid arthritis, and the increase seems

to be related to the activity of the inflammatory process.
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Hyaluronate (hyaluronic acid), a high molecular
weight polysaccharide, is widely distributed in con-
nective tissues in which it may have both structural
and regulatory functions.' 2 Hyaluronate seems to
enter the blood circulation via the lymph vessels3
and is then rapidly eliminated by the hepatic
route.4 5 The mechanisms regulating the in-vivo
synthesis of this polysaccharide are unknown, but
in-vitro studies suggest so far that hormonal6 as well
as inflammatory mediators7-9 may stimulate an
increased production. A suppressive effect of corti-
costeroids on hyaluronate synthesis has been de-
monstrated in fibroblast tissue culture.'( " In clini-
cal situations increased amounts of hyaluronate
have long been recognised in pleural fluid of
patients with mesothelioma12 and in synovial fluid of
patients with inflammatory arthritides, where it
appears with decreased molecular weight. 13 The
lack of specific and sensitive assays for hyaluronate
has until now precluded reliable measurements of
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the low concentrations of circulating hyaluronate.
However, the recent development of a radioassay
for hyaluronate14 has allowed its determination in
small tissue samples and in various body fluids-
aqueous humour,15 amniotic fluid, 16 and serum.'7

In this study we have measured the serum levels
of hyaluronate in patients with rheumatoid arthritis
and pelvospondylitis to test the possibility that
inflammatory connective tissue diseases are associ-
ated with increased serum levels of hyaluronic acid.

Patients and methods

Serum samples were collected from 37 patients with
rheumatoid arthritis. All patients met the criteria of
the American Rheumatism Association for definite
or classic disease.'8 Twenty-nine were female. The
mean age was 49 years; the mean duration of the
disease seven years. The patients had been treated
with various non-steroidal anti-inflammatory drugs,
which were withdrawn 3-4 days prior to blood
sampling. The blood samples were collected be-
tween 7.30 and 8.00 am.
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Serum samples were also collected from 18
patients with ankylosing spondylitis. All patients
conformed to the New York criteria19 and they were
all HLA-B27 positive. Fourteen were male. The
mean age was 42 years, and the mean duration of
disease 14 years. The patients were treated with
non-steroidal anti-inflammatory drugs, but 3-4 days
before blood collection therapy was withdrawn.
Blood sampling was performed under the above
mentioned conditions. None of the patients had
signs or symptoms of active disease in the peripheral
joints. The control group consisted of healthy blood
donors.

Hyaluronate was determined according to the
principles previously outlined'4 and recently
adapted for measurement in serum samples.'7 In
short, protein with specific affinity for hyaluronate is
prepared from cartilage by affinity chromatography
and labelled with'25 . The preparation procedure
has been described in detail.'4 20 The radioactive
protein is incubated with varying amounts of free
hyaluronic acid and a fixed amount bound to a
Sepharose gel. The protein is allowed to partition
between free and bound polysaccharide. The
amount of radioactivity pelleted with the gel is a
function of the amount of free hyaluronate in the
system. 500 ,ul of the serum sample to be analysed is
incubated with the reagents for 20 h at 4°C during
slow rotation. The reagents are: (1) 400 ,ul of 1-5 M
sodium chloride, 0-025 M phosphate buffer, pH 7*0,
containing 33 mM ethylenediamine-tetraacetic acid
(Merck, Darmstadt, FRG), 3 mg/l soybean trypsin
inhibitor (Worthington, Freehold, NJ), 3 mM
phenylmethylsulphonyl fluoride (Sigma, St Louis,
MO), 17 mM benzamidine (Sigma), 3 mg/l Pepsta-
tine A (Sigma) and 0-33 M c-amino-n-caproic acid
(Sigma), 3 mM iodoacetic acid; (2) 0-5 gl of
hyaluronate-substituted gel'4 suspended in 400 I1 of
0.55 M sodium chloride and 0*05 M sodium borate,
pH 7.0; (3) 100 Rl of '251-labelled cartilage protein
in 4 M guanidinium chloride14 about 20 000 cpm.
After incubation the gel is collected by centrifugation
and washed twice. Standard curves for hyaluronate
are obtained by the use of sodium hyaluronate
(Healon, Pharmacia, Uppsala, Sweden) dissolved in
saline containing bovine serum albumin (Sigma).

Circulating immune complexes were determined
by Professor Renee Norberg, SBL, Stockholm by
the use of three different assays: a conglutinin-
binding assay,2' a platelet-aggregation test,22 and a
Clq-binding assay." Rheumatoid factors (RF) were
measured both by a particle agglutination technique
and the Waaler-Rose method at the Department of
Bacteriology, University Hospital, Uppsala. The
acute-phase plasma proteins haptoglobin, orosomu-
coid, and ac-antitrypsin were measured by nephe-

lometry at the Department of Clinical Chemistry,
and IgG at the Department of Clinical Immunology,
University Hospital, Uppsala. The erythrocyte sedi-
mentation rate (ESR) was read after 1 h. Blood
samples were also subjected to the following analy-
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Fig. 1 The individual serum concentrations ofhyaluronate
in patients with rheumatoid arthritis and ankylosing
spondylitis. The shaded area represents the 2 SD ranges of
serum hyaluronate in age and sex matched healthy controls.
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Table 1 Laboratory features* in patients with rheumatoid arthritis and ankylosing spondylitis

Diagnosis ESR mm Haptoglobin gll Orosomucoid gll a,-Antitrypsin gll IgG gll

Rheumatoid arthritis 49±23 3-4±1-2 1-5±0-5 2.3±0-5 15-1± 5-4
Ankylosing spondylitis 36±33 3-3±1-4 1-4±0-6 2-3±0-8 13-0± 4-9
Reference ranges 1-15 0-3 -2-0 0-4 -1-2 1-0 -2-1 8-2 -19-9

*Mean values ± SD.

ses: alanine aminotransferase, aspartate amino-
transferase, bilirubin, and creatinine by means of a
multichannel analyser (Greiner Electronics,
Switzerland) with original reagents.

Student's t test and Wilcoxon's signed rank test
were applied in the statistical analysis of data.

Results

SERUM LEVELS OF HYALURONATE IN
RHEUMATOID ARTHRITIS AND ANKYLOSING
SPONDYLITIS
The individual hyaluronate concentrations for
patients with rheumatoid arthritis and ankylosing
spondylitis are shown in Fig 1. The mean hyaluron-
ate (±SD) concentration for each group was as
follows: rheumatoid arthritis, 232±182 ,ug/l and
ankylosing spondylitis 58±33 [sg/l. The mean hyalur-
onate level for patients with rheumatoid arthritis
was significantly greater (p<0001) than that of the
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age and sex matched control group (mean level
41±25 jg/l) as well as that for patients with
ankylosing spondylitis (p<0001). No sex and age
dependency was noted in the patient groups. None
of the patients had laboratory signs of liver or renal
disease.

HYALURONATE CONCENTRATIONS AND
SEROLOGICAL INFLAMMATORY ACTIVITY
The inflammatory activity defined by ESR and
certain acute-phase reactants and the serum levels of
IgG was similar in the two patient groups (Table 1).
In patients with rheumatoid arthritis we found
significant correlations of hyaluronate serum levels
with orosmucoid (r=05, p<001) (Fig. 2), hapto-
globin (r=0-40, p<005), and a1-antitrypsin
(r=061, p<0001) concentrations, and with ESR
(r=034, p<0-05). The duration of disease was not
related to the hyaluronate concentrations.

HYALURONATE CONCENTRATIONS AND
IMMUNE COMPLEXES
We found no differences in hyaluronate concentra-
tions of rheumatoid arthritis patients with or without
circulating immune complexes measured by diffe-
rent techniques (Table 2). Neither did the RF titre
influence the hyaluronate concentrations (data not
shown).
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Table 2 Serum hyaluronate concentrations* in patients
with rheumatoid arthritis in relation to the presence of
circulating immune complexes as detected by three different
assays

Assay n Hyaluronate Rgll
Clq-assay positivet 22 240±42

negative 10 233±39

Platelet-aggregation positive 12 192±39
Assay negative 20 267±44

Conglutinin-binding positive 12 284±73
Assay negative 20 211±25

*Means ± SEM.
tPositive = immune complexes detectable, negative = immune
complexes not detectable
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Fig. 2 Relationship between serum levels ofhyaluronate
and the acute-phase protein orosomucoid, in patients with
rheumatoid arthritis and without therapy.
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Table 3 Acute effects ofcorticosteroids and NSAID on the
circulating levels ofhyaluronate* in patients with
rheumatoid arthritis

Drug n Hyaluronate concentrations (ggll)
Before After I week p
therapy of therapy

Methylprednisolone 11 254±60 118±13 <0-02
NSAID 16 190±30 227±34 >0-05

*Means ± SEM.

HYALURONATE CONCENTRATIONS DURING
DRUG TREATMENT
The hyaluronate levels were significantly reduced in
rheumatoid arthritis patients after one week on
therapy with methylprednisolone (15-25 mg daily),
but no significant acute change was noted in patients
receiving non-steroidal anti-inflammatory drugs
(NSAID); (indomethacin, naproxen, diclofenac)

alone (n=5) or in combination with penicillamine
(n=6) or chloroquine (n=5) (Table 3). Four of the
above patients treated with methylprednisolone
were serially studied for up to nine months. As
illustrated in Fig. 3, there was a conspicuous
decrease of serum hyaluronate after the first week of
treatment with methylprednisolone at daily dosages
15-25 mg. After that time azothioprine (100 mg per
day), cyclophosphamide (50-100 mg/day), or chlor-
oquine (250 mg per day) was added to the treatment
of three patients, while one patient remained on
steroids only. The steroid dosage was gradually
reduced, and at nine months the daily methylpredni-
solone intake was 5-7*5 mg. At that time we
observed that the hyaluronate concentrations
started to increase again.

Discussion

This study has demonstrated increased circulating
levels of hyaluronate in rheumatoid arthritis patients
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Fig. 3 Serial studies ofserum
hyaluronate in four patients with
rheumatoid arthritis. At the start of
the study they were without drug
therapy. During the first week they
were treated with
methylprednisolone, on average 20
mgper day, as the only drug. The
corticosteroids were then gradually
reduced. The average
methylprednisolone dosage is
illustrated. Patient 1 remained on
steroids only, while after the first
week ofsteroid treatment
cyclophosphamide was addedfor
patient 2, chloroquine forpatient 3,
and azathioprine for patient 4.
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compared with age and sex matched healthy con-
trols. The observed high serum concentrations of
hyaluronic acid should depend on either an acceler-
ated production or a reduced elimination rate. The
half-life in circulation of 3H-acetyl-labelled hyalur-
onic acid is short, ranging between 2-5 and 5*5 min
both in experimental animals5 and healthy
volunteers.24 It has further been demonstrated in
vitro that the uptake and degradation of hyaluronate
occur in the endothelial cells of the liver sinusoids.25
Observations of very high serum levels of hyaluron-
ate in cirrhotic patients, related to the degree of
impaired liver function, emphasise the central role
of the liver in hyaluronate metabolism (Engstrom-
Laurent A, Loof L, Nyberg A, to be published).
However, our patients with rheumatoid arthritis had
no laboratory signs of liver affection. Furthermore,
recent studies (Fraser J R E, Engstrom-Laurent A,
Nyberg A, to be published) have shown that the
plasma clearance of injected labelled hyaluronate in
patients with rheumatoid arthritis is normal. There-
fore the increased hyaluronate values found in the
present study are presumably not a consequence of
impaired elimination or degradation of this poly-
sacharide but rather a consequence of stimulated
synthesis or outflow from the connective tissue.
The factors stimulating an increased production

of hyaluronate in rheumatoid arthritis have not been
identified, but evidently the serum concentrations of
rheumatoid factor or immune complexes do not
influence the circulating hyaluronate levels. The
significant positive relationship between acute-.
phase plasma proteins and hyaluronate concentra-
tions in rheumatoid arthritis suggests that an in-
creased synthesis of hyaluronate might be linked to
the intensity of the inflammatory process. However,
hyaluronate itself does not behave as a non-specific
acute phase reactant, since patients with ankylosing
spondylitis and with similar degree of laboratory
evidence of inflammatory activity (see Table 1) had
normal serum hyaluronate concentrations. Since our
patients with pelvospondylitis had no signs of active
peripheral arthropathy, it is reasonable to attribute
to the inflamed synovial tissue a critical role for the
increased blood concentrations of hyaluronate in
rheumatoid arthritis. An increased synovial produc-
tion of hyaluronate is conceivable in patients with
large volumes of synovial fluid. Furthermore ex-
perimental studies suggest that circulating hyaluron-
ate could arise from the joints. Thus injection of
labelled hyaluronate into the joint cavity of ex-
perimental animals demonstrates that already after
2-3 hours considerable amounts of radioactivity
have left the joint cavity and passed to the lymph
vessels and the blood.2o However, further studies
applying more sensitive assessments of synovitis

status are needed to elucidate the role of the
inflamed joint behind elevated serum levels of
hyaluronate. Whether or not increased physical
activity and more active joint movements could
enhance hyaluronate outflow from the normal or
inflamed joint is under investigation. It is not
unlikely that enzymatic and free radical degradation
of hyaluronate27 in inflamed joints could result in
different molecular sizes of circulating hyaluronate
in health and for example, rheumatoid arthritis.
However, available techniques do not allow analysis
of the molecular state of hyaluronic acid in serum.

Prostaglandin E (PGE) has been observed as a
mediator of inflammation, and exogenous PGE is a
potent stimulator of hyaluronate synthesis in iso-
lated synovial cells.7 The stimulated hyaluronate
production observed in vitro during incubation of
synovial cells with rubella or measles viruses or
interferon has also been considered as a consequ-
ence of enhanced PGE production.28 Inhibitors of
prostaglandin synthesis such as steroidal and non-
steroidal anti-inflammatory drugs also inhibit the
enhanced hyaluronate synthesis in the above ex-
perimental systems.28 We found that administration
of methylprednisolone at a daily dosage of 20 mg to
patients with rheumatoid arthritis reduced their
circulating hyaluronate values considerably. These
observations are consistent with the in-vitro results
and could reflect an inhibition of prostaglandins.
However, the lack of effect of indomethacin and
similar non-steroidal anti-inflammatory drugs on the
serum levels of hyaluronate in rheumatoid arthritis
might suggest that prostaglandins are not the main
stimulators of hyaluronate synthesis in this disease.

This study has shown that the serum hyaluronate
concentration is high in rheumatoid arthritis but not
in ankylosing spondylitis, although the biochemical
evidence of disease activity was equally raised in
both patient groups. The practical clinical value of
hyaluronate determinations in rheumatoid arthritis
is at present uncertain. Prospective studies are in
progress with the object of assessing the relation of
hyaluronate to the extent of articular and extra-
articular manifestations in rheumatic diseases and
the long-term influence on hyaluronate serum levels
of different treatments. Whether the in-vitro
observations on the effects of hyaluronate on
lymphocytes,30 31 monocytes/macrophages, 32-34 and
neutrophils35 36 are relevant to in-vivo situation has
not yet been settled. However, the possibility of a
modulatory role of hyaluronic acid in inflammation
is another fascinating aspect of this polysaccharide
which also merits further investigation.
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